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Abstract 



PROBLEM TO BE SOLVED: To improve airtightness of a junction part and secure it for a long period of time 
by airtightly joining a coating plate of ceramic sintered product for covering the whole area of a junction 
surface of a substrate and the substrate of ceramic sintered product with an adhesive and forming an 
oxynitride glass layer containing specific elements on an junction interface. 

SOLUTION: A substrate 2 of a ceramic sintered product provided with a recessed groove on its surface and a 
coating lower plate 3a of ceramic sintered product sandwich and support a heater element 8 in a recessed 
groove. Junction parts 7, 10 for airtightly joining between the substrate 2 and the coating lower plate 3a and 
between the coating lower plate 3a and an upper plate 3b for sandwiching and supporting the electrode plate 
4 and the substrate 2 and the coating lower plate 3a are formed as an oxynitride glass layer, containing two 
kinds of elements selected from group Ilia of the periodic table, aluminum, and silicon so as to improve 
airtightness of the junction parts 7, 10 and secure airtightness over a long period of time. Thus, the glass layer 
of this composition has good wettability with the ceramic sintered product and has superior junction strength, 
satisfactory airtightness of the junction parts 7, 10, small dispersion in the junction strength, and superior heat 
resistance. 
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[Title of the Invention] 
CERAMIC HEATER 

[Abstract] 

[Object] To provide a ceramic heater excellent in product life of which the 
reaction chamber is prevented from pollution by improving air-tightness in 
bonding parts and keeping the air-tightness for a long duration, of which the 
reaction chamber is prevented from pollution even when the air-tightness in 
the bonding parts is deteriorated, and of which the heater elements are not 
possibly disconnected. 

[ <5o lu t^on ] A ceramic heater comprises: a substrate made of a ceramic 
sintered body; a covering plate, made of a ceramic sintered body, for covering 
the entire region of a bonding face of the substrate; a heater element held 
between the substrate and the covering plate; and at least a pair of 
electrodes for feeding an electric power to a heater and having one end 
connected to the heater element, wherein the substrate and the covering 
plate are air-tightly bonded to each other by an adhesive, and an oxynitride 
glass layer containing at least two elements selected from group Ilia 
elements in the periodical table, aluminum and silicon is formed in the 
bonding interface. 
[Claims] 

1. A ceramic heater comprising: a substrate made of a ceramic 
sintered body; a covering plate, made of a ceramic sintered body, for covering 



the entire region of a bonding face of the substrate; a heater element held 
between the substrate and the covering plate; and at least a pair of 
electrodes for feeding an electric power to a heater and having one end 
connected to the heater element, wherein the substrate and the covering 
plate are air-tightly bonded to each other by an adhesive, and an oxynitride 
glass layer containing at least two elements selected from group Ilia 
elements in the periodical table, aluminum and silicon is formed in the 
bonding interface. 

2. The ceramic heater according to Claim 1, wherein the heater 
element is made of a silicon carbide sintered body, obtained by sintering 
without additive addition, having a sintering density of 2.8 g/cm 3 or more 
and a specific electric resistance of 0.1 ficm or less at room temperature. 

3. The ceramic heater according to Claim 1, wherein the ceramic 
sintered body is an aluminum nitride sintered body or an aluminum 
nitride-based sintered body. 

4. The ceramic heater according to Claim 1, wherein an electrode 
plate, made of a metal, functioning as an electrode for plasma generation 
and/or electrode for electrostatic attraction by application of a high 
frequency voltage and/or direct current voltage is formed inside the covering 
plate. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

The present invention relates to a ceramic heater which is installed 
in a reaction chamber, which is used for heating an object to be heated such 



as a wafer without polluting inside the reaction chamber and excellent in 

durability. 

[0002] 

[Prior Art] 

Conventionally, as a ceramic heater installed in a reaction chamber 
and used for heating an object to be treated such as a wafer or the like has 
been known a ceramic heater comprising a ceramic substrate having 
recessed grooves in the surface, heater elements made of a conductive 
ceramic packed in the recessed grooves, a covering plate made of a ceramic 
to mount the object thereon, and at least a pair of electrodes connected to 
the heater elements in one ends. 
[0003] 
[Problems] 

With respect to such a conventional ceramic heater, the ceramic 
substrate and the covering plate made of a ceramic are bonded to each other 
by using various heat resistant adhesives. However, since they are 
burdened with high thermal load by repeated heating and cooling and 
exposed to high temperature atmosphere for a long duration, there occur the 
following problems. 
[0004] 

(1) Microcracks are easily formed in the bonding part and the 
air-tightness can not be maintained for a long duration. In a conventional 
heater element using a conductive ceramic, a sintering aid and an additive 
for giving conductivity (these additives are simply referred to as "additives") 
are added. However, these additives are evaporated and enter in a reaction 



chamber through the bonding part whose air-tightness is lost to be 

pollutants of a semiconductor substrate. 

[0005] 

(2) In a conventional heater element using a conductive ceramic, 
since the additive is a different substance from the mother material, even 
dispersion of it is difficult; therefore, partial abnormal heat generation 
easily occurs and owing to the abnormal heat generation, a portion of the 
bonding layer is melted and leaking takes place in the bonding part to 
deteriorate the air-tightness. Further, similarly to the above-mentioned 
problem, the additive becomes a pollutant of a semiconductor substrate. 
[0006] 

(3) In a conventional heater element using a conductive ceramic, 
since the high temperature strength is insufficient, deformation and 
damages are easily caused by thermal impact. 

[0007] 

[Problems to be Solved by the Invention] 

The present invention is accomplished in consideration of the 
above-mentioned problems of conventional techniques, and an object of the 
present invention is to provide a ceramic heater with a long product life and 
with which a risk of pollution in the inside of a reaction chamber is 
eliminated by improving the air-tightness in a bonding part and, at the 
same time, the air-tightness is kept for a long duration; pollution in the 
inside of the reaction chamber is avoided even when the air-tightness in the 
bonding part is deteriorated; and a risk of disconnection of heat elements is 
eliminated. 



[0008] 

[Means for Solving the Problems] 

As practical means for effectively solving the above-mentioned 
problems, a ceramic heater according to Claim 1 is a ceramic heater 
comprising: a substrate made of a ceramic sintered body; a covering plate, 
made of a ceramic sintered body, for covering the entire region of a bonding 
face of the substrate; a heater element held between the substrate and the 
covering plate; and at least a pair of electrodes for feeding an electric power 
to a heater and having one end connected to the heater element, wherein 
the substrate and the covering plate are air-tightly bonded to each other by 
an adhesive, and an oxynitride glass layer containing at least two elements 
selected from group Ilia elements in the periodical table, aluminum and 
silicon is formed in the bonding interface. 
[0009] 

In a ceramic heater according to Claim 2, the heater element is 
made of a silicon carbide sintered body, obtained by sintering without 
additive addition, having a sintering density of 2.8 g/cm 3 or more and a 
specific electric resistance of 0.1 Hem or less at room temperature. 
[0010] 

In a ceramic heater according to Claim 3, the ceramic sintered body 
is an aluminum nitride sintered body or an aluminum nitride-based 
sintered body 
[0011] 

In a ceramic heater according to Claim 4, an electrode plate, made of 
a metal, functioning as an electrode for plasma generation and/or electrode 



for electrostatic attraction by application of a high frequency voltage and/or 

direct current voltage is formed inside the covering plate. 

[0012] 

[Embodiments of the Invention] 

Hereinafter, embodiments of the present invention will be described 
with reference to the drawings. The descriptions of the embodiments are 
only for enabling the present invention to be understood purely by way of 
non-limiting example and it is not intended that the present invention be 
limited to the illustrated embodiments. 
[0013] 

In this embodiment, as illustrated in Fig. 1 and Fig. 2j a ceramic 
heater 1 comprises a substrate 2 made of a ceramic sintered body and 
having recessed grooves 12 in the surface, heater elements 8 packed in the 
recessed grooves, a covering plate 3 made of a ceramic sintered body 
covering the entire region of the substrate 2 and the heater elements 8 and 
mounting an object particle to be treated thereon, electrodes 9 made of 
nickel excellent in heat resistance and connected to the heater elements in 
one ends for feeding an electric power to the heater elements, and a 
thermocouple 6 for measuring the temperature of the covering plate 3 for 
mounting an object to be heated thereon. 
[0014] 

The substrate 2 and the covering plate 3 are air-tightly bonded to 
each other by a glassy adhesive and an oxynitride glass layer containing at 
least two elements selected from group Ilia elements, aluminum and silicon 
is formed in the bonding interface and the thickness of the bonding layer 10 



after bonding is controlled to be 5 to 180 |im. 
[0015] 

Further, the heater elements 8 are made of a silicon carbide sintered 
body obtained by sintering without additive addition and having a sintered 
density of 2.8 g/cm 3 and a specific electric resistance of 0.1 Qcm or less at 
room temperature. 
[0016] 

Further, the ceramic sintered body is formed from an aluminum 
nitride sintered body or an aluminum nitride-based sintered body since they 
are excellent in the thermal conductivity, mechanical strength and 
durability to plasma, and the aluminum nitride sintered body or the 
aluminum nitride-based sintered body to be used is produced by a 
conventional method. 
[0017] 

Further, the covering plate 3 comprises a covering lower plate 3a 
made of a ceramic sintered body having recessed grooves 11 in the top face, 
an electrode plate 4 made of a metal and filling the recessed grooves 11, a 
covering upper plate 3b made of a ceramic sintered body and covering the 
entire region of the covering lower plate 3a and the electrode plate 4, and 
electrode 5 of nickel excellent in heat resistance and connected to the 
electrode plate 4 in one end for applying high frequency volt age. and/or 
direct current voltage. High frequency voltage for plasma generation 
and/or direct current voltage for electrostatic attraction is applied to the 
electrode plate 4 so as to make the electrode plate 4 functioning as an 
electrode for plasma generation and/or an electrode for electrostatic 

7 



attraction. 
[0018] 

The covering lower plate 3a and the covering upper plate 3b are 
air-tightly bonded by a glassy adhesive and an oxynitride glass layer 
containing at least 2 elements selected from group Ilia elements in the 
periodical table, aluminum and silicon is formed in their bonding interface. 
The thickness of the bonding layer 7 after bonding is controlled to be 5 to 
180 jxm. 
[0019] 

Hereinafter, the requirements for the respective components 
composing the present invention will be described in detail. 
[Glassy adhesive] 

The following is the reason for forming the oxynitride glass layers 
containing at least two elements selected from group Ilia elements in the 
periodical table, aluminum and silicon as glassy adhesive layers for 
air-tightly bonding the substrate 2 and the covering lower plate 3a holding 
the heater elements 8 and the covering lower plate 3a and the covering 
upper plate 3b holding the electrode plate 4. Owing to the formation of the 
glassy bonding layers, the air-tightness of the bonding parts 7 and 10 can be 
remarkably improved and the air-tightness can be kept for a long duration. 
[0020] 

That is, the oxynitride glass having the above-mentioned 
components has good wettability to a ceramic sintered body, excellent 
bonding property, good air-tightness in the bonding parts 7 and 10, narrow 
dispersion of the bonding strength, and excellent heat resistance. 
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[0021] 

The thermal expansion coefficient of the oxynitride glass containing 
the above-mentioned components is 3 x 10" 6 to 8 x 10" 6 /°C and almost same 
as or close to the thermal expansion coefficient (3.8 x 10~ 6 to 4.7 x 10~ 6 /°C) of 
an aluminum nitride sintered body which is preferably used among ceramic 
sintered bodies. Accordingly, damages of the bonding layers 7 and 10 by 
repeated temperature increase and decrease and thermal stress at the time 
of application of heat load of cooling, that is, occurrence of cracking, can be 
avoided. Therefore, the air-tightness of the bonding layers 7 and 10 can be 
maintained for a long duration. 
[0022] 

The glass softening point Tg of the oxynitride glass layer containing 
the above-mentioned components is as high as 850 to 950°C and the bonding 
layers 7 and 10 are not deteriorated even after exposure to high 
temperature atmosphere for a long duration. 
[0023] 

The adhesives capable of forming the oxynitride glass layers can be 
produced as follows, for example. At first, silicon dioxide and aluminum 
oxide or compounds to be these oxides by heating are mixed with oxides of at 
least two elements selected from group Ilia elements in the periodical table 
as raw material powders for a bonding material. The oxides of group Ilia 
elements in the periodical table are not particularly limited and may include 
Y2O3, Dy 2 0 3 , Er 2 0 3 , Gd 2 Os, La 2 0 3 , Yb 2 0 3 , Sm 2 Os and the like. 
[0024] 

Among them, in view of the cost and the availability, Y 2 0 3 is most 



preferable as one of the oxides of group Ilia elements in the periodical table 
and Dy2C>3, Er203 and Yb2C>3 easy to form full solid-solution with Y2O3 are 
preferable as other oxides of group Ilia elements in the periodical table and 
Dy203 is particularly preferable in view of the cost. ^ 
[0025] 

The composition ratios of the above-mentioned respective 
components are not particularly limited, however it is preferable to mix 
these components so as to obtain a melt containing two elements selected 
from group Ilia elements in the periodical table in the total amount of 20 to 
50% by weight in terms of oxide, silicon dioxide in an amount of 30 to 70% 
by weight, and aluminum oxide 10 to 30% by weight since the obtained melt 
has a low melting point and excellent wettability to a ceramic member or 
the like. Further, in the case the elements selected from group Ilia 
elements in the periodical table are two elements, it is preferable to mix 
oxides of these two group Ilia elements at about 1 : 1 mole ratio since the 
melting temperature of the obtained bonding material becomes lowest. 
[00261 

The above-mentioned raw material mixed powder is pulverized to, 
for example, 5 |xm or less and, after being melted at 1500 to 1700°C, the raw 
material mixture was quenched to obtain a glassy cooled material and the 
material is again pulverized to about 5 jxtiX/to obtain an adhesive of the 
molten fine powder with a uniform composition. The atmosphere for the 
production of the adhesive is not particularly limited. However, when the 
production steps are carried out in nitrogen atmosphere, oxynitride glass is 
formed and if in non-nitrogen atmosphere, oxide glass is formed. 
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[0027] 

However, in the present invention, it is indispensable to form an 
oxynitride glass layer in the bonding interface, so that it is preferable to 
carry out the steps of producing the bonding material in nitrogen-containing 
atmosphere so as to previously vitrify the bonding material to be oxynitride 
glass. The nitrogen-containing atmosphere may be produced using N2 gas, 
H2-N2 mixed gas or NH3 gas. 
[0028] 

Further, Si3N4 powder and/or A1N powder in an amount of 1 to 50% 
by weight out of the total weight is preferable to be added to the 
above-mentioned bonding material. That is, addition of SisN4 powder 
and/or A1N powder decreases the thermal expansion coefficient of the 
oxynitride glass and, also, improves the heat resistance. When the 
addition amount is less than 1% by weight, the addition is meaningless and 
when it exceeds 50% by weight, the adhesion strength is inversely decreased. 
The particle size of the SisN4 powder and/or A1N powder to be added is not 
particularly limited; however, the powder with an average particle diameter 
of 0.8 |mn or less is preferable in view of formation of oxynitride glass with 
an even concentration. 
[0029] 

[Thickness of bonding layer] 

The reason for adjusting the thickness of the bonding layer 10 of the 
substrate 2 and the covering plate 3 after bonding to be preferably 5 to 180 
jjm and the thickness of the bonding layer 7 of the covering lower plate 3a 
and the covering upper plate 3b after bonding to be preferably 5 to 180 |Jm 
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is as follows and the air-tightness of the bonding parts can be firmly 

maintained. 

[0030] 

That is, when the thickness of the bonding layer 10 is less than 5 |xm, 
fillet formation in the end parts of the bonding layer 10 is insufficient. 
Therefore, air-tightness of the bonding part 10 cannot be secured and the 
bonding strength is also insufficient. On the other hand, when the 
thickness of the bonding layer 10 exceeds 180 |um, although the air-tightness 
of the bonding layer 10 can be secured, the bonding strength tends to be 
easily decreased. Owing to the heating at the time of bonding, the melted 
glassy adhesive flows out of the end parts of the bonding layer 10 to make it 
impossible to bond the substrate 2 and the covering lower plate 3a in 
parallel. Accordingly, the production yield is decreased and the bonding 
work is possibly interrupted in some cases. 
[0031] 

Meanwhile, when the thickness of the bonding layer 7 is less than 5 
(jm, fillet formation in the end parts of the bonding layer 7 is insufficient. 
Therefore, air-tightness of the bonding part 7 cannot be secured and the 
bonding strength is also insufficient. On the other hand, when the 
thickness of the bonding layer 7 exceeds 180 pm, although the air-tightness 
of the bonding layer 7 can be secured, the bonding strength tends to be 
easily decreased. Owing to the heating at the time of bonding, the melted 
glassy adhesive flows out of the end parts of the bonding layer 7 to make it 
impossible to bond the covering lower plate 3a and the covering upper plate 
3b in parallel. Accordingly, the production yield is decreased and the 
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bonding work is possibly interrupted in some cases. 
[0032] 

[Heater element] 

The material for the above-mentioned heater elements 8 preferably 
comprises a silicon carbide sintered body obtained by sintering without 
additive addition and having a sintered density of 2.8 g/cm 3 and a specific 
electric resistance of 0.1 Q.cm or less at room temperature, because of the 
following reasons. The covering plate 3 can be maintained at a prescribed 
temperature by applying electric power to the heater elements 8. 
[0033] 

The heater elements 8 made of such a silicon carbide sintered body 
can be produced by any of the following summarized methods described, for 
example, in JP Kokai Hei 4-65361. 

(1) A first silicon carbide powder with an average particle diameter 
of 0.1 to 10 jum and a second silicon carbide powder having an average 
particle diameter of 0.1 ]nm or less and obtained by introducing raw material 
gases consisting of a silane compound or a halogenated silicon together with 
a hydrocarbon into plasma in non-oxidizing atmosphere and carrying out 
vapor phase deposition while controlling the pressure of the reaction system 
to be less than one atmospheric pressure to 0.1 torr are mixed and sintered 
by firing to obtain a silicon carbide sintered body and the sintered body is 
subjected to electric discharge processing according to desired patterns to 
obtain heater elements. 

[0034] 

(2) A silicon carbide powder having an average particle diameter of 
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0.1 pin or less and obtained by introducing raw material gases consisting of 
a silane compound or a halogenated silicon together with a hydrocarbon into 
plasma in non-oxidizing atmosphere and carrying out vapor phase 
deposition while controlling the pressure of the reaction system to be less 
than one atmospheric pressure to 0.1 torr is sintered by firing to obtain a 
silicon carbide sintered body and the sintered body is subjected to electric 
discharge processing according to desired patterns to obtain heater 
elements. 
[0035] 

Accordingly, since these heater elements 8 are made of silicon 
carbide sintered bodies obtained by sintering without additive addition, that 
is, without foreign substance addition, they are even. Consequently, no 
partial abnormal heat generation takes place and partial melting of the 
bonding layers 7 and 10 and consequent leakage in the bonding parts are 
not caused. As a result, the air-tightness of the bonding layers 7 and 10 
can be further reliably secured. 
[0036] 

Since the sintered bodies are extremely pure owing to no additive 
addition and have a density as high as 2.8 g/cm 3 or more sintering density, 
even when leakage occurs in the bonding parts and the air-tightness is 
deteriorated, no additive, that is no impurity, is evaporated from the heater 
elements 8 and for that, there is no risk of pollution in a reaction chamber. 
Further, since the sintered bodies are excellent also in the high temperature 
strength, deformation and disconnection of the heater elements 8 by 
thermal impacts do not occur and also since the specific electric resistance is 
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as low as 1 ficm or less at a room temperature, it is not required for the 
heater elements 8 to be made fine and thin and therefore, there is no risk of 
disconnection of the heater elements 8. 
[00371 

[Electrode platel 

Plasma can be generated by applying high frequency voltage to the 
electrode plate 4 through an electrode 5 for application from a plasma 
generation power source. At that time, since the electrode plate 4 is a 
metal plate having a sufficient thickness Ti of 0.025 mm or more, it has the 
following advantageous points: (1) there is no risk of burning out and 
disconnection by heat generation even when high frequency voltage is 
applied; (2) plasma can be densely, stably and evenly generated in the whole 
region unlike the case of plasma generation by using a lattice type or mesh 
type electrode; and (3) connection of the electrode plate 4 and the electrode 5 
for application can be reliably formed between a plane and a rod. 
[0038] 

When a direct current high voltage of about 500 V is applied to the 
foregoing electrode plate 4 through the electrode 5 for application from an 
electrostatic attraction power source, the covering plate 3 functions as an 
insulator and an object to be attracted such as a silicon wafer can be 
electrostatically attracted. In the case high frequency voltage from a power 
source for generating plasma and direct current high voltage from a power 
source for electrostatic attraction are applied to the electrode plate 4, a filter 
capable of cutting the high frequency may be installed between the power 
source for electrostatic attraction and the electrode for power application. 
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[0039] 

The above-mentioned electrode plate 4 is preferably made of a high 
melting point metal such as molybdenum, tungsten, tantalum, niobium or 
an alloy thereof because (1) the plate is provided with a thermal expansion 
coefficient close to that of a ceramic; (2) it is stable at a heating temperature 
and in the atmosphere in the bonding step; (3) it has a low specific 
resistance; and (4) it can be used for a long duration in a practical use 
temperature range from room temperature to 1000°C. 
[0040] 

[Ceramic sintered body] 

Materials for the above-mentioned substrate 2, covering lower plate 
3a, and covering upper plate 3b are not particularly limited; however, they 
are preferably formed from an aluminum nitride sintered body or an 
aluminum nitride-based sintered body owing to high thermal conductivity, 
mechanical strength, resistance to plasma, and durability to plasma 
cleaning gases such as CF4, C2F6, C3F8. Those produced by known methods 
can be used as the aluminum nitride sintered body and the aluminum 
nitride-based sintered body. 
[0041] 

The ceramic heater according to this embodiment can be produced as 
follows, for example. The substrate 2 and the covering lower plate 3a 
having recessed grooves 12 in the surface are formed by pressing a die 
having projected parts in the surface to ceramic formed bodies and sintering 
the formed bodies. The sintering conditions such as sintering temperature 
may be controlled according to those in a conventional method. The 
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covering upper plate 3 is also formed by a conventional method. The 
electrode plate 4 and the heater elements 8 formed by the above-mentioned 
method are arranged so as to fill the recessed grooves 11 of the covering 
lower plate 3a and the recessed grooves 12 of the substrate 2, respectively. 
[00421 

Next, the above-mentioned finely pulverized glassy adhesive is 
mixed with a screen oil to produce a paste and the paste type glassy 
adhesive is applied to the respective bonding faces of the substrate 2 whose 
recessed grooves 12 are filled with heater elements 8 and the covering lower 
plate 3 a as well as to the respective bonding faces of the covering lower plate 
3a whose recessed grooves 11 are filled with the electrode plate 4 and the 
covering upper plate 3b and dried at 100 to 200°C. 
[0043] 

After that, while holding the heater elements 8 and the electrode 
plate 4, through the faces coated with the glassy adhesive, the substrate 2, 
the covering lower plate 3a, and the covering upper plate 3b are laminated 
and the glassy adhesive is melted by heating in an electric furnace and 
bonding is performed by heating at 1300 to 1500°C for 5 to 40 minutes. 
[0044] 

The heating is carried out in normal pressure or under pressure of 
about 10 atmospheric pressure or less. The atmosphere at the time of 
heating differs depending on the adhesive to be employed. That is, in the 
case of using an adhesive containing oxynitride glass, since the adhesive is 
previously converted into oxynitride, the atmosphere may be no 
nitrogen-containing atmosphere. However, nitrogen-containing 
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atmosphere is preferable. On the other hand, in the case where an oxide 
glass-containing adhesive is used, a nitrogen source is required for 
converting the oxide glass into oxynitride and heating is carried out in 
nitrogen-containing atmosphere. The nitrogen-containing atmosphere can 
be produced by using N2 gas, H2-N2 mixed gas or NH3 gas. 
[00451 

The heated and melted adhesive is provided with bonding strength 
by cooling and solidifying treatment and it is preferable to gradually cool the 
adhesive but not quench it quickly so as to keep the intake of nitrogen high 
and stabilize the oxynitride glass layers. The cooling rate is preferably 
50°C/min or less, more preferably 30°C/min or less. 
[0046] 

In order to adjust the thickness of the bonding layers 7 and 10 after 
bonding to be in the above-mentioned range, the treatment conditions such 
as the amount ratios of the finely pulverized glassy adhesive and the screen 
oil, the application amount of the paste type glassy adhesive, the heating 
temperature at the time of bonding, the duration are properly controlled. 
[0047] 
[Examples] 

Hereinafter, examples of the present invention will be described in 

detail. 

[Examples 1 to 5] 

A substrate made of an aluminum nitride sintered body having a 
diameter of 220 mm, a thickness of 15 mm and spiral recessed grooves with 
a width of 5 mm and a depth of 3 mm in the surface for disposing heater 
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elements therein; a covering lower plate made of an aluminum nitride 
sintered body having a diameter of 220 mm, a thickness of 8 mm and a 
circular recessed groove with a diameter of 200 mm and a depth of 3 mm in 
the surface for disposing an electrode plate therein; and a covering upper 
plate made of an aluminum nitride sintered body with a diameter of 220 
mm and a thickness of 1 mm were produced by a conventional method. 
[0048] 

On the other hand, heater elements with a shape to be disposed in 
the above-mentioned spiral recessed grooves and made of a silicon carbide 
sintered body obtained by sintering without addition of a sintering aid or 
additive for providing conductivity and having a sintered density of 3.1 
g/cm 3 and a specific electric resistance of 0.05 ficm at room temperature 
were produced by the production method (1) described in the paragraph 
[0031]. The average particle diameter of the first silicon carbide powder 
was 0.7 \im and the addition amount was 95% by weight; the average 
particle diameter of the second silicon carbide was 0.01 |im and the addition 
amount was 5% by weight; and the hot press sintering conditions were 400 
kg/cm 2 press pressure, 2200°C sintering temperature, and 90 minute 
sintering duration. As the electrode plate, a molybdenum metal plate with 
a diameter of 200 mm and a thickness of 0.3 mm was made ready. 
[0049] 

Next, glassy adhesives (particle diameter of about 2 |xm) having the 
compositions shown in Table 1 were mixed with a commercialized screen oil 
to produce pastes and the obtained paste type glassy adhesives were applied 
to the respective bonding faces of the substrate of the ceramic sintered body 
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whose recessed grooves were filled with heater elements and the 
above-mentioned covering lower plate of the ceramic sintered body as well 
as to the respective bonding faces of the above-mentioned covering lower 
plate of the ceramic sintered body whose recessed groove was filled with the 
electrode plate of molybdenum and the above-mentioned covering upper 
plate of the ceramic sintered body and dried at 100 to 200°C. 
[0050] 

After that, while holding the above-mentioned heater elements and 
electrode plate, through the faces coated with the glassy adhesive, the 
above-mentioned substrate lower plate made of the ceramic sintered body, 
the above-mentioned substrate upper plate made of the ceramic sintered 
body, and the above-mentioned covering plate made of the ceramic sintered 
body were laminated and the glassy adhesive was melted by heating in an 
electric furnace and air-tight bonding was performed by heating at 1400°C 
for 20 minutes. The cooling rate was 25°C/min and the thickness of both 
bonding layers after the bonding was both 50 )jm. Formation of oxynitride 
glass in the bonding interfaces was confirmed by Auger electron 
spectroscopy. 
[0051] 

In order to confirm the air-tightness of the bonding part of the 
substrate made of the aluminum nitride sintered body and the covering 
lower plate made of the aluminum nitride sintered body in the ceramic 
heater obtained in such a manner, each obtained heater was subjected to a 
durability test. The results of the test are shown in Table 1. Summary of 
the durability test was as follows. 
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[0052] 

Each ceramic heater was heated from a room temperature to the 
highest temperature, 700°C, in 1 hour by applying electricity to the ceramic 
heater and kept at the highest temperature for 30 minutes and then 
gradually cooled to room temperature. The air-tightness of the foregoing 
bonding part was tested by a leak test using He gas after such a heat cycle 
was repeated 100 times. The evaluation standards of the air-tightness 
were as follows. 

O: the leakage amount of He was 10~ 9 torr.l/sec or less: 

A: the leakage amount of He was 10" 9 to 10~ 8 torr.l/sec: and 



X : the leakage amount of He was 10 8 torr.l/sec or more. 

[0053] 
[Table 1] 





Adhesive raw material powder composition 
(% by weight) 


Air-tightness 


Dy 2 0 3 


Y2O3 


AI2O3 


Si0 2 


Example 1 


15 


10 


25 


50 


O 


Example 2 


15 


15 


25 


45 


O 


Example 3 


15 


15 


20 


50 


O 


Example 4 


20 


20 


20 


40 


O 


Example 5 


25 


25 


15 


35 


O 



[0054] 

[Comparative Examples 1 to 4] 



Ceramic heaters were produced according to Examples 1 to 5 and 



21 



subjected to the durability test. The glassy adhesive compositions 
employed were as shown in Table 2. 
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[0055] 



[Table 2] 





Adhesive raw material powder composition 
(% by weight) 


Air-tightness 


Dy 2 0 3 


Y2O3 


AI2O3 


SiC-2 


Comparative 
Example 1 


0 


20 


40 


40 


X 


Comparative 
Example 2 


0 


35 


20 


45 


A 


Comparative 
Example 3 


0 


40 


10 


50 


X 


Comparative 
Example 4 


20 


0 


40 


40 


X 


Comparative 
Example 5 


35 


0 


20 


45 


A 


Comparative 
Example 6 


40 


0 


10 


50 


X 



[0056] 



[Effects of the Invention] 

As described above, a ceramic heater according to the present 
invention comprises: a substrate made of a ceramic sintered body; a covering 
plate, made of a ceramic sintered body, for covering the entire region of a 
bonding face of the substrate; a heater element held between the substrate 
and the covering plate; and at least a pair of electrodes for feeding an 
electric power to a heater and having one end connected to the heater 
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element, wherein the substrate and the covering plate are air-tightly bonded 
to each other by an adhesive, and an oxynitride glass layer containing at 
least two elements selected from group Ilia elements in the periodical table, 
aluminum and silicon is formed in the bonding interface. Therefore, the 
air-tightness in the bonding part is remarkably improved; the air-tightness 
is kept for a long duration; pollution in the inside of the reaction chamber 
can be avoided; no pollution is caused in the inside of a reaction chamber 
even if the air-tightness in the bonding parts is deteriorated; disconnection 
of the heater elements is prevented; and product life can be prolonged. 
[0057] 

In a ceramic heater according to Claim 2, the heater element is 
made of a silicon carbide sintered body, obtained by sintering without 
additive addition, having a sintering density of 2.8 g/cm 3 or more and a 
specific electric resistance of 0.1 Clem or less at room temperature. 
Therefore, even when the air-tightness in the bonding parts is deteriorated, 
no pollution attributed to evaporation of additives is caused in the inside of 
the reaction chamber and since heater elements are excellent in the high 
temperature strength, their disconnection can be prevented to result in a 
long life. 
[0058] 

In a ceramic heater according to Claim 3, the ceramic sintered body 
is an aluminum nitride sintered body or an aluminum nitride-based 
sintered body Therefore, the ceramic heater is excellent in the thermal 
conductivity, mechanical strength and resistance to plasma, and is provided 
with improved durability and a long product life. 
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[0059] 

In a ceramic heater according to Claim 4, an electrode plate, made of 
a metal, functioning as an electrode for plasma generation and/or electrode 
for electrostatic attraction by application of a high frequency voltage and/or 
direct current voltage is formed inside the covering plate. Therefore, 
plasma can be generated by applying high frequency voltage and the 
covering plate functions as an insulator by applying a direct current voltage 
to make electrostatic attraction of an object to be treated such as a silicon 
wafer possible. 

[Brief Description of the Drawings] 

Fig. 1 is a vertical cross-sectional view of a ceramic heater according 
to an embodiment, of the present invention. 

Fig. 2 is a vertical cross-sectional exploded view for illustrating a 
ceramic heater according to another embodiment of the present invention. 
[Explanation of Symbols] 

1 ceramic heater 

2 substrate 

3 covering plate made of ceramic sintered body 
3a covering lower plate 

3b covering upper plate 

4 electrode plate made of metal 

5 electrode for applying high frequency and/or direct current voltage 

6 thermocouple 

7 bonding layer 

8 heater element 
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9 electrode for feeding electric power to heater 

10 bonding layer 

11, 12 recessed grooves 
Fig.l 



covering 
plate 

3a 
covering 
lower plate 

8 heater element 1 

5 electrode for applying high 
frequency and/or direct 



1 ceramic heater 

3b covering upper plate 

7 bonding layer 
**^4 electrode 

10 bonding layer 

s 9 electrode for feeding 
electric polwer to heater 
2 substrate 




current voltage 



\ 



6 thermocouple 



Fig.2 
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3b covering upper plate 

recessed ■ r ■ ~4 electrode 

groove ^ " p|ate 



3a 




1 2 recessed groove covering 

lower plate 
2 substrate 
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